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(54) Redox reactiontt'for enalyte determlnatipn u«ing tetrazollum compounde 



(57) A highly rsliabla method of measuring an eme- 
lyte In a sample using a redox rQacrion. In thlo method, 
a totrazQilum ccmpound is added to a aamplo pnor to 
ths rsdoK roacilon so as lo elimlnata the influencs ol any 
radudno aubstanca in the sample, then a reducing sub- 
stance or an oxidizing substance derived from the ana- 



lyta fe tormed, lbs quantity of the (onrted subatanco do- 
rivwl from the analyla ia measufod by the redox reac- 
tion ► and the qoantily of the analyle Is deternnined trom 
\h9 quantity of the formed substanca derived Irom (he 
analyta. As the letrazoVum compound, for example, 2* 
(4-lo<toph8nyl)-3-(2.4-dini!rophenyl)-5-(2,4-disuWophe- 
nyf)-2H>tetrazo(lum salt can ba used. 
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DMoripllon 

pool] The present Invention rstatro to a mrthod of meaourins an anafyto in a sample a redox reaction. 
[000?I Tracttbnany, maasurwnent oT lha quani^y ol an anaiyia tn a sample uaino a radox raactkxi haa bean utHizad 
s in a wtda ranga of applications. For arampla, aucTi a maaovroment haa teen Ulifisad lor meaaurino filyeatad protelna 
hfiEyplteattena suet) aa biochamical anatyoaa. cllntcal laaia. and the Iko, 

I0003J For Inatarwa. Qrj^aiad prolama m blood, partteiifany glycated hamogfobh (HbAlc) in aiythrocytas. am signH- 
want Indicator* in lha diagnoais and therapy ol diabataa, becaueo Ihey r«f»ect the pationt's past htetory of blood sugar 
value. Gtycoted proteins In erythrocytes are measured using a redox reaction, lor exernple. as loflowa: 

" im^} First, erythrocytes are hemolyzad to prapere a sample. The hamolyzed sample is Iraatad wHh a suitable 
protease or the (ike , and then treated with f rvctoayl ammo acid oxidase (hereinafter refefred to as FAOD) so as to form 
hydrogen paroxWe. The quantity of the hydrogan paroidda fonned corrasponds to the quantity of glycated proteins In 
enrfhrocyles. Then, a peroxidase (heroinaflar mlBm6 \o aa POD) arid a reduclr»g ageni are added to the sample, so 
that a redox reaction occure between the hydrogen perQxida and ihe reducl/^g agont with the POD as a catalyet. Al 

i« this lime, When a reducing agent that develops color whan tt Is oxidized Is u«ad, ihe quantity ot the hydrogen peroxide 
can bo detonnined by measuring the color. As a reBuU. Ihe quantity of the glycaied proteins tn orylhrocytes can bo 
determined. 

[0005] However, various kffids of reducing substances, such as L-ascortIc acid (AsA) and bilirubin, aro uouQily 
present In blood. Moreover, various types of reducing subeteocee euch as glutathione (CSH) and tho jiko erg presonl 
in erythrocytes. Those reducing substances rnay reduce the hydrogen peroxide, or may inhlbft iho redOK reaction, or 
may redueo Ihe reducing agent after H develops color, so as to causa dogradellon of the color. Therefore, there haa 
been a proOiem thai it Is difllcult todetanmine the quantity ol ihs slycaied proteins In eiythrocytes accurately 
[000$] There has boon also another problem, that precision of the measurement may deterloralo because the con- 
centrations of the roducinfl substances contained In sampfee are not constant 

« [0Q07J In order to avoid these problems, lor example, various types of oxidlzfng agents have bean added to samples. 
For exampte, Publication of Unexamined Japanese Patent Application No. Sho 1 51 358 discto^es a method ol using 
halogen oxides, euch as iodic acid or perfodio acid, as oxidizing agents. Publrcaticans of Unexamtsd Japanese Patent 
Appllcallons No Sho 57-13357, No, Sho 57-161650. No. Sho 59-193354, No. Sho 62-169053, end No. Hel 3-30697 
also disclose methods of using compiexee of metals such as cobalt, hon, cerium, etc. as oxidliing agents. 

30 [oooq However, the enact of the reducing eubslances on the maaeurenwnts can not be avoided suWclently oven 
wUh the use of thasa oxkJIzing egenls. rn particular, ihesa oxidizing agents pertonned poorly when the analyla was a. 
component tn orythrocytee. 

[OOoq Accordingly, It Is an oejoci ot the present Invention to provide a highly reliable method ot measuring an analyie 
in a sample uethg a radox reaction. 

95 [0O10] In order to aocompllsh this object, the present invention provides a mathod of measuring an vtalyta ki a 
sample using a redox reaction, comprising' adding a tetrazolium compound prior to the redox reaction to a sarnple eo 
as to eliminate the inriuanca oT any reducing substance contained In the sample: then fonning a reducing substance 
Of an oxidizing substance derived from the analyte; measuring tho quantity of the f omied aubslance derived trom the 
analyta by the redox reaction; and determhing the quantity Of me analyie from the quantity ol the lomiad eubetanca. 

40 TTig telrazolhjm compound herein relars lo a compound having a tetrazde rlr^g. 

[0011] As a result of exter^sive studies, the Inventors found that the cause of the problems in (he convemlona I methods 
was nol that the Influeqee of the low mo(ecular wel^t reducing substances such as tho above-mantlonad GSH and 
A&A were not ellminatod, but (hat the influence ol high molecular weight reducing substances such as proteins or the 
Ilka ware not aBminated, The Inventors also found that, not only the Influence Ihe low molecular weight reducing 

45 subsiwica^. but also influence of other rsduclng substances can be aiimnated by ihe use of tho tetrazoNum compound, 
and thus have reached the method of the preaeni invantiDn. According to the method of Ihe present invention, the 
quanlily of the analyta can be detennlined with greater raltabinty. Thua, h la used euttabty for varioua kihda of tests, e. 
g. in clinical medlclna, 

[0012] In (ha method of the prasant invontion, It is prerofabte that the tetrazolium compound haa cyclic aubstilutsd 
so groupe In al least two poalltons of Its latrazota ring. More prelarabiy, it has cyclic subetkuted groups at thrao positions 
tharaol. 

(DDiaj When the tatrazollum compound has cydlc subalituled groups tn al laaet t%uD posHlona ol Its tetrazole ring as 
mentioned above, it w praferablo that the aUbsmmatf groups are al posttlons 9 and 3 thereof. Moreover, when the 
tetrazolium compound has cyclic eubetituted groupo at throe positions of tta teiraueoia ring, H la preferabla thai the 
H aubstHutad groups are at posltione Z 3, and 5 thareof. 

f n Ihe method of the praseni invamloa It is praferable that at least two ot th« cycRc substituted groups have 
banzena rings. Moreover, eydie substituted groups other ttmn those having benzene Hnse include, for example, sub- 
aiitutad groups containing S or O In thair ring sicetotflnB and having reaonanoe stniotures, such as Ihlenyl and Ihiazolyl 
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groups. andihelllc». 

100151 In the mattiQd o! the pfBsom Invamion, Q )e prefeiB^tQ that the tetrezollum cxvnpound has cycBc eubstftutad 
^ovpB in at (oastthrea poaitiaraol im tatrazoto ring, and thai at least tmiiif iha cycfc sUbaUtuied orotipahave tenzene 
rin99. 

« [Wifl In the method of the present Irwentkan, tt Ie pretorablB that at toaet one of the cydic BubetHuled groups has 
functional groups, H Is more preTerHblQ thai Ihe number or me lumAlonal gmups Ie large. 
[00171 Preferable exarr^lss o( ihe functional groups are elaeirofi attractive (unctionat groups, e.g. habgen aroms or 
ether, ©sior. carboxyl. acyl. nftfoao, nitro, hy*Qxyl or Butto groups, and Ihe like. Examples other lhan these furKttonal 
groups are groups conlalnlng oxygen, such as hydroperoxy, oxy, epoxy. ep»loxy. and oxo groups, and groups corv 

10 telnftig sulfur, such as rfHrcapto. altytthk^ methylthlomethyl, Ihloxo, sullino. benzenasulfonyl. phenylsutfonyt. p-toiua- 
r>esulfonyi. p-tolylsulfonyt, tosyl. suitemoyi, and Isothioeyanato groups. Among the electron attractive functional groupg, 
preterite are halogen atoms and nUro. suifo, cqrboxyl hydroxy!, mothoxy, and ethoxy groups. Furthennore, axamplee 
other than the above-fnantlor^ad stoclion attfaclhre funcUonal groups includa uneaturated hydrocaibon groups, such 
as phenyl group (CeHfi-). styryl group (CbH5CH=CH.), and the ilko. Wor oovor. Iha functional groups may be ionized by 
dlseodaiion. 

[00iej In Ihe method ol the present Invenilon, it is preferable that iho lotrazoJium compound has benzene rings at 
positions 2 and 3 of hs letrazole ring, and that at least one of the beniene rings hag at loe$t one luncitena! group 
selected from the group consisting ol hatogen atcsrns and cafboxyi. nitro. hydroxy). suKo. rnethoxy, and ethoxy groupo. 
Moroo-^Br, both of Iho benzene rings may hevo such functional groups. The benzono ring may hove the functional 
groups at any poeilron (I.e. oriho-. rngta-. or para-}. Funhermore. the number of ihs fmctional groups Is noi pankJUlarly 
llmiied, and the benzene ring may have either the ^ame or diftfirent functional groups. 

[00 1 $J In m© method of the proooni invention, axampled ot the oirazo^iutn cumpoi/nd include ihoce having aot^atltuted 
groups with benzene rings at positions 2. 3 end 5 of their letrazole rings, a.g. 2-(4-iodopheny1)-3-(4-nitropriQnyl)-5- 
f2,4-dteullophBny|)-2H^e(rQzolhjm sail. 2--(4-iodopheny0-3-(2,4K^inltrophenyl)-5.(2,4<ffeuKophenyl)-2H-1etra2Olium 

«« sert. 2-(2-mflthoKy-4-nitrophanyl)-$-<4-nltfophenyl)-5-{2.4.dlfluffophenyl)-2H-lfl(ra2otium salt, 2-(4-lodophenyi)-3-(4'nl- 
lrophenyf)-5-phenvi-2H-taJrazoilum salt, 3.3'-(1,V-blpheny|-4.4»-dlyl)-bisC2.S^lpheny()-2H-letrazollum salt. 3,3'-[3,3'- 
dimelhoxy-(l , 1 -blphonyf)-4,4'-diyO-bi8f2^f4-nliropenyl)-5-phenyl-2H-lelrazollum saftj, 2,3-diphonyl^-(4-ch terophenyl) 
teirazollum oslt. 2,5-diphonyl-3-(p.dlphenyl)leTrazoljiJm salt. 2,3-diphanyl-5-(p-dipheriyl)tetrazo»um eatt, 2,5-dlphenyl- 
3-(4-styry|ph8nyl)tBtra2onum sbH, 2.5-dlphenyl-3-(m-tofyl)letra2ollum salt, and 2,5-dlphenyt^{p-iolyl)letrBzollum eaU, 

30 and the liite 

[00201 Pwrthermore. the teirazorium compound Is not l^nfted to the above^entioned compounds, and other com- 
pounds having cyclic substituted groups with benzene rings al two positions of their letra^ols ringe and other cyclic 
substituted group at one position thereof also can bo ucod. Examplas of such oompouncfe Include 2,3.dlphony^5- 
(Z'thisriyljtetfazotium aalt, a"benzothlazovh3-(4-carboxy-2-methoxyphenyl)-5-14-(2-aulfoelhyl cart3amoy()phenyl]-2H. 

« lelrazollum salt. at2'-diben20thlazo|y^6,fi'-bis[4'dl(2.3u«oethyl>carbamoyiph9ny1I -3.3^(3.3'-dlnietho)cy-4,4"'tiiphe- 
nytenajditelrazollum salt. 3'(4,5Hl>nethyl-2-thiazoyl).2,5-d|phenyl 2H-tBirazollum salt, and the Wka, 
[00211 Furthermore, lelrazollijm compounds having sutatitutad groups with benzene rings at two poslltona ol iheir 
tetrBZolfl rings and a non^cycfic substituted group al one poaltion thereof also can ba used. Exampiee of eucti com- 
pounds indude 2,3-dlph«nyl-5-cyanotetra2ofium salt, S*3-dlphenyi^5<arbQxytelrazoligm saft, 2,a-d(phanyl*£-fn8ihyl- 

^0 teliazofium sail, and 2.3tiiphenyi-S-ethyftetrBzoium saft, and Ihe lllie. 

10022] Among Ihe above-msnttenad tetrazolhjm compounds, prefe/abie are those havhg three cyclic substituted 
groups as mentioned abov», and more preferable are those ftavtig three cyclic substituted groups with benzene rings 
and having many electron attraciivo tunciiorwi groups. Partfculafty pref erabla ia 2-(4-todophenyl)-3-(2,4KfriKrephonyl)- 
5^{2,4-dl9unophenyl)-2H4etrazoiium sail, RAjreover, these letrazollum compounds may be, for example. In ths forms 

^ of salts, or may be in ionized tcnv», 

[0023] In the method of the present invention, the emount of the teirazollum compound added is not particularly 
lim'rtGd, and it cen b© determined es appropriate depandlng on the typo of the sample and trie amouni of the reducing 
substance. Specifically. It is preferable that ihe letrazollum compound Is added so that ila concenlration falle in the 
range of 0.001 to 100 ^ol, mors pfeferebiy from O.005 to 10 Mmol, partlcularly preferably from 0.01 to 1 pmol per I 

ss ^lof theaannpto. 

Vm^ In the method ot (ha present invention, when the eample Is whole blood. It is preferable that the teirazollum 
compound Is added \n an amoum such lhal its concentration laib in the range of O.0O1 to 10 \mttii par 1 pi of whole 
blood. More piefarabiy It Is Inihe range of 0.005 lo S pmoi parlBulaffy prefeiabfy tnm 0.oi to i pmoi per i ^) of whole 
blood. Specifirally, when the tetM20lhim compound lse-|4*iodD 
5S lairBZOlium aaS, It b prof erab V atktod In an amotint sucffi that ks conoenlralion lalb h (he range ol 0.001 to 0.4 pmol 
par 1 fd of whole blood. More prafaiBbty It Ie irt Ihe range of aoos to a 1 pmd^ parllcufarly preferably from aoi to 0.07 
(imoi per 1 ^ol whole bidod. 

[D02B] In Ihe method of the present mvemion, it is preieiabte that the oKidizlng eubstanca derived from the anaiyie 
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tSS2!!^J^!S^ ^ ^^'^ ^ ^ hydipgert pgroxltfo is mswured &y tti9 redox inaction 
E^-^ir 'Ilr**^!'*^ ^^^^^ *^ hydrogen jnnjxXdB is meaaurod usins a oubstiBts that dovofaM cc^ 
oy oxiOBUon mn an oxMizvig anryme (horalnafter reforrad to a& a coloi>d0vaiOf^g outetrata) 
* EhwillS^ partittilail^^ It la pratamblathat for axampta, NKcait><)Xj^Bihylamlriocar^ 

(M^hyteninQjdjphanytomtne oodum Is used aa tna color<lavaioplns s^jfaatrate. bdoauaa this can ba deMad wUh 
high aansllMty. PunharmorB, ft rs praferabia that tha oildlilrtB anzyma Is a psfoxioafta. 

[00281 in iha meUicjd of the prasant hvenllon. tha typa ol the umple b not paniciflarty IrrHted. Tha malhod alao can 

oL^a?*"^ n^'H^^V "^^'^ P*^*™' ^ «-9' biological aamptas auph as urlna 

and epmal nuH, drinka such as fufcoo, foodd such as soy sauce and Worcaster saucs. 

19 In (ha method g1 che prasam invention, tha analyts rnay be. for exempla. componants in wlwla blood, com- 

LTrf «nH7h!2l II'.'; t^III'rr components in ssmm, componants In urhs. compcnonts in spinal 

g^cat^ pi^sfn Quch as glycated hsmoglobln and glycatad albumin, glycatad papllds, glycatsd amino acid, gluccua 
uric acid, cholesterol, crsatlnme. sarcoolne. glywroL and tha Ilka. panioularV glycalad proisin. For oxampio whon a 
component in erythrocytee Is to b« magsuf Sd, whole blood itsalf may be hamolyied to prepare a sample or eryinrocylaa 
ara separated from whole blood and hemolyzod to propafa a eample. 

[0030] In (ho method of Iho present Invention, ft l9 preferable that hydrogen peroxide la tormed by decomposing 
sugar portions of glyceled proielns by oxidation wiih FaOD. FurthemToro. It Is prereiBblo that grycaled peptides and 
gtyceted amino acids also are subjected to the action of FAOD. Moreovsr, it ia prefemble that glycated proteins end 
glycated peptides are Iroated with a proiease before its troatmenl with FAOD as necessary. 
[0031] It fs preferable that the FAOD catalyzes a reaction roprosonted by a formula (1 ) below 



2S 



$0 



R'-CO-CHj^-NH-R^HgOfOa 

-CXJ-CHO^WHg-H^+HjOa (1) 

[0032) In the formula p) alxjve, denoisB a hydroxyi group or a residue derived from the sugar before glycatlon 
(i.e. a sugar residue}. The sugar residue 0) is an aldose residua when We sugar before glycalk>n Is an aldose and 
Is a Ketofle residue when tha sugar before glycatlon Is a kstoso. For example, when the sugar belora glycalion Is 
glueoee. it laKes a fructose struciure after glycatlon by an Amadorl raarrangemenl. In thie easa. the eugar residua (Ri) 
becomes a glucose reskiue (an aklosa residue). The sugar reaJdue (R^) can be represented. k>r example, by 

SS ■{CHpMjl.^JMgOH 
Where n Is an rnlager of 0 to 

[00331 In the f oimula |1 ) above, although the type of la not partlcularty limited, when It la a glycatad amino acid, 
glyoBted paptUe, or gfycasad pnrieh, there la a dUTarahca between tha case of a-amino gmip being glycated and tr^e 
40 case or other smftio group be^eglycaited. 

[0034] In ma f onuuia (1 ) above, ntian an a-amino group la glycated, fl^ to an anrtino acid residua or a paptkia raeldue 
raprasentad by a fomiub (2) balowi 



■CHR^-OO-rt* 



(2) 



50 



[0035} In the fomiula (2) above, indteatte an amino acid Gide chain group. Fuithermora. R< denotes a hydroxyi 
group, an amino acid residua, or a peptWa residue, and car^ be i epresented, for exampte, by a lomiute (3) below In 
the fomwla (3) bolow. n Is an Integer of not less than laro, and denotes an amino acid sMa chain group as ki the 
above. 

-(NH-CHR^-COV-OH (3) 

(DOaq Furtfiermoro, In 9ia foonulft (1 ) above. ««ten an amino graup other than Hmho group Is glycated (l.a. Whan 
an amino aeld aide chain group is glycatad). R^ can be rspresentad by a fonnula (4) below. 
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fO 



2S 



I 
I 



NH (4) 

I 



t9 ^ 



[0037] to Jhe lorn^ula (^) above, RS indicates ihc poftion ol the amino QCid side chain group oiher than thw gfycaieo 
amino group. For example, svhan the glycated amfno acid is fysine, is 

•CH^-CHg-CHj-CHg-. 



For another example, when the fitycaled amino ecid is arginine. is 

.CHg-CHj-CHg-hfH-CHINHj)-. 

(OOOq Furthsrmofo, In the formula {A) above, denotee hydrogen, an amino acid rosldue. or e peptide residue. It 
i»i> can be represwted. for example, by a formula (5) bebvi Moraover, in (he formula (5) below, n is an integer of nol lees 
(han zero, and denotes an amfno acid side chqln group as In the above. 



-(COCHR^-NH)^^ (5) 

55 

[OOag] FuTlhefmofe, In the formula (4) above, denolGB hydroxy I group, en amino acid reeWue, Of a peptide residue. 
It can be repreeented, for example, by a formula (6) below. Moraovsr, in the lormula (6) befov^ n is an Integer q\ nol 
fese than zero, and denotes en ermno aoid Bide chain group as In the above. 



(6) 



[0040] In the method of the present Invention, although ft Is nol particularly fimitlng, the molecular weight of lha 

reducing eubetance w\ the sample ie^ lor example, at least 10,000, prefefablyfrom 10.000 to 3.000.000, more preferably 
^6 from 1 0.000 to 300,000, particularly prefarabiy ftom 30.000 to 100.000. 

(0041] Furthermore, il ie preferable that Ilia reducing substance In the sample Is a protein. The motecuiar weight of 

the protein Is, for example, at least 3,000, preferably from 3,000 to 3,000,000, more preferably from 10.000 to 300.000. 

particuterly preferably from 30,000 to 1 00,000. Examples ol such a reducing substance includs hemoglobin, globln. 

globulin, albumin, and the liKe, preferably hemoglobin, 
w [0042] The methodii oY the preaanl Invention are descrfced In detail bebw wHh reference to the following exarrplafi. 

in which gtycated proteins in blood cells are meaeured. 

[0049] First, whole blood itself ia homolyzed, or a blood cbB tract ton Is sepaiBtad from whole blood by a conventional 
method such as Gentrifugation and homoiyzed. go as to prepare a honTO«y2ed aample. The method of the hemolyBis 
Ie not panlculariy limited, and for example, methods of usir^ a surfbctam, ullraeonic waves, osmotic preeeure dlVerencer 
^ ste. can be employod. Among theee methods, it is preferable to entplcy a memod*uB)ng a euifactant because of Its 
simplictty In operatbn, etc 

[0044] As the surfactant, for examptB, non-ionic Burfaetantft euch as polyoxyetlvlene-p-t-octylphenyl etber (e.g. Tri- 
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ten MrtM surf^ctanlB). pdyaxyotfryfono eoftltan alKyl ddter (e.g. 7>wen sends surtoctants), pofyoxysihylene alkyl 
tfher {e.g. Brij sartos eurfactsms). and tho ifKs can bo used. SpaoKla examplsaare Trtloo X«100. T\wen-20» Bifl 35, 
and th9 liKe. The comfiions of thft tmatnwnt with lh» BurtaciGint Is udv^ly qq follom: wfisn tho conconlrattoo of bkxx) 
cGllfi in mo treating solution b trom 1 10 10 % 5y volumo, tho Burtactani is addod 6o that Ita oonconlratlon In Iho troaUno 
* ootutlofi fall8 In the range of 0.01IO 5 % by wDtghi and atjrratf at loom tamperatura tot about oaverBf aecondi (about 
6 seconds) to 1 0 mtnutae. 

n»45I Next, iho telrazolium oompound havlnfi a le(raz6lB ttn^ Is added to the hemolyf od sampla to carry out pra- 
tfoatmont of the eample. 

(0049] For example, when the concenlratlon d blood colf^ in the pretreatment solution ia from llo 10 % by volume, 
It is preferable that the tetra?ollum corripound Is addad so Ihat ite concantratlon faile in the range of 0,02 to 2000 mmol/ 
Iftor, mere preferably from 0. 1 to iooo mmoWiter. partlcuiarty preferably from 0.4 to 200 mmoWfter. Specifically, when 
tho totfazoflum coinpound is 2^4^odophenyO-3-(2,4-dlnltrophenyl)-5'(2,4-d»otiffophenyl)-2H-totrazollum salt, prafera- 
bty H Is added bo that Ha concentration fella In the range of 0.02 to 80 mmolflller. more preferably from of 0.1 lo 20 
mrTTOl/llier, particularly praterebly from O.Z to 15 mmol/llter. 
15 [0047] Tho prelreatment Is usually carried out In a buflor. For example CHES. CAPSO. CAPS, phosphate, Tris, 
EPFS, HEPES buffers, and tha lil<e. can bo used. Tho pH of Iho buffer is. for example, in iho range of 6 lo 1 3, praforably 
IronnS lo t2, more preferably from 0 to 11. Moreovar. the final conceniraiion of the buffer in iho proiroatmBni eoluilon 
is, for axamole, from 1 lo 400 mmowner. prafer^ibly ffcm 10 lo20D mmol'^iier. 

[0048] The conditions of the pretreafmcipl are ix>l partkiularly limited, but It Is usuatfy carriod out ol a temparatur© of 

20 10 lo 37 ''C for a period of 10 seconds lo 60 minulas. 

[0049] Although tho tetrazollum compound mey be used simply as tt Is. h Is preferably used aa a solution In which 
Ihe tfltrazollum compound is dleeolved in a solvent, in tarme ot aimplioity in operation ai^d efficiency ot ihe treatment. 
Tho concflntfaiionof the solullon can be delennlnBd as epproprlate depending on the type of Ihe ^etrazol^um compound 
(e.g. molecular weight, elc). etc. For example, the concentrallan Is in the range of 0.D1 to 120 mmoMher, preferably 

« from 0.1 to 50 mmol/lltor, more praterably from 0.2 to 20 mmoWtter. Aa tha golvont, for example, distilled water, phye- 
lotoglcal saline, bonere. or the like can be used. As the buffers, for example, the same buffers bb rnemioned a&ove 
can be employed. Moreover, the telnarolium compound may bo used either alone or in combination ol two or more types. 
[0050] Next, the pretrealod hemolyzed sample le treated wtlh a proteaae, Thin traatmeni Is performed so that the 
FAOO used In the subdequeni Ireatmenl may act on the analyte more eeaily. 

90 [0051) The type of the protease Is not parflculady limited, andtor example, proloaee K. subtilisln. trypsin, amlnopepii- 
dase. and the tike can bo used. The proieeoo treatment la usualfy carried out In a buffer, and tho conditions of the 
treatment ara determinod aa appropriate depending cn the type of the protease used, the type and the conoontration 
of the glycated proteins as Ihe anatyias, etc. 

[OOSaj Spocificaiiy. wtfion the pretreated hemolyzed sampio ia iroalad using protoaae K, iho protease treatment is 
9S ueualty carried oul under tho eondiilDns aa lolfowa; a concentration of- tha protoaoo in tha reaction eoluilon of 1 0 to 
^.000 mg/Htar; a ooncontralion of blood celtfi In the roactiort solution of OiOS to T5% by votume; a reaction temperature 
ot 15 lo 37 'C; a reaction period of i minute to 24 hours; and a pH of 6 to 12. Iwlorewa^ the lyps of the buffer is not 
particularly limKed, and for example, Trra-HOI buHer, EPPS buffer, PIPES buher» and the like can be used. 
[0063] Next, a decomposed malarial obtained by the protease treatmoni is mm treated with the FAOD. Tho r oac- 
^ tion shown by the formula ( 1 ) above ia catalyzed by this FAOO treatmoni 

[0054] it la prefeiablo that the FACX) treatment la carried out m a bufler aa In the above proteaso treatment. Tha 
conditions of the FAOO treaUnant are determlnad as appropriato depending on the type of ino FACO used, Ihe type 
and the coocenbiatkxi of the glycated proteino aa the Hnatytss. ate. 

[0056] Spocrrcaify, the conditions are aa folkiwa: a concentration of the fV^OD in the reaction aotuiksn of SO to 50, 000 
^ U/liler: a concentration of Wood cells in lh» reaction solutbn of 0.01 to 1 % tjy volume; a reaction temperature ot 1 5 to 
37 "C; a reaction period of 1 to 60 minutoB; and a pH of 6 lo 9. Morsovor, the type of the buffer is no! particularly limrled, 
and tor example, tho same buffers aa In the proteose treatment can be used. 

[0056] Next, (ho hydrogen peroxkie formed In the FAOD treatmont fs msasured by a redox reaction using POD and 

the cotor-dsveloping substrate. 
^ [0057] Examples of tha color-developfng aubetrate include N-(carbaxymetnylamlnocafOonyl)-4.4*-blB(dimethylami- 

no)dlphenylamie sodium, orlhophenylenedlarnlne (OPO), and a eubslraie In which trlndof's reagent and 4-aminoBnll- 

pyrlne are eombmod, and the like. Examples of the trinder'a reagent are phenol, phenol derlvath/ee, aniline denvatives. 

naphihoi. naphthoi derivativoe* naphttiylamina. naphthylamine dorivallyfoe, and the Hke. Mormrai; in place of the ami- 

noantipyrlm. aminoentlpyrine derivallvae. vaniOln diamine aulTonw acid. mo0iylbenzalhBzdinonahyd^asona (WBTH). 
55 auttonmed memyibonzothlazallnonflhyrirozono (8MBTH}. and the lll». alao can ba used. Among those color<tovelMp- 

tngaubsirHtaa, panteutarty preferabia Is N-(cartKMym8thytamhocarbonylH.4**tla(dlmothylamtno)^^ ao- 

dium. B8 menlionad above. 

[0068] The redox reaction ia usually canlad out In a buffer. The oonditlono of the reaction ara determined as appro- 
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priated depentAig of tho concantratlon or tfia »iydtofian peioKM formed, etc Ttw oondfttens are usuaffy as loUowd* a 

• 8- Mofooror the lypa oT the Duifar noi particularly limned, and lor example. \h9 same button as (n the 
procesM treatment knd iha FAOO treatment can be used. 

pOBfl m the redor reacCiDn. for exampto. when the color-^Heveloplno eubstrate le used, the quantity ol the hydronon 

measuTtng the dearee of the color developod (|.e. absorbance) In the reaction soCuiten 

.S^^f ; ^ "^"^^^ °* *^ ^ cample can be determined 

udmg the ooncertralicr ol the hydrogen perexIdB and a caltomiion curve. u«,t,ir..neo 

[0050J Moreovflf. the quantity of the hycfregen peraxWe also can be determined by a method Other than the abwa- 
mentioned enrymatic method usln^ POD, for exampio, by an eioctrteal method, 

rooei] In ttils memod. the pretroatment etep with a telrazollum compound is rxM partloularty iRHiiad ae lono as It le 
earned ool before the redox reaction actually occuro as described above. However, because the hydrogen peroxide 
s formed after the FAOD treatment, il re preferable lhatthe prefreatment step is performed before the FAOO treatment 
Moreover, although each of the treating steps may bo carried out eeparataly ae deecrlbad above, some ot the treatlro 
siepe also may bo performed simultaneously, for exairple, In the combinalrona as follovva: 

1* hamolysia irsEtment + preirealmsnl 

2: hemorysis Jreeiment + pfetrealmani + prolceoo traatment 

3; proleaee trealmon! + FAOD trealmeni 

FAOD ireaiment + POD redox troetmont 
S: protease irsaiment + FAOD trealmont ♦ POO redox irGatment 

« ^^t^U''!!^''"^''' ^^"^ °' the FAOD. the POO, and the color^eveloping substrate afao is not parties 
uiany frmitao. 

[0063] Thus, by conlacling a sampla with a tetraaiollum compound, not only lha Influence of ioyy molecular weight 
reducmg substances such ae GSH, AsA. dithiolhreftol. cysteine. N-aceiy^-cyslerne, and the like, but also the inftuenoe 
of for example, proteins or reducina subetaneee having molecular welghte in the above-mentioned range can be avoid- 
ed. 

30 [0004] Furthermore, in the pretreaimem $tdp wHh the letrazonum compound in Ihe method ol the present invention, 
for example, an oxidizing agent other than the telrazollum compound aleo may be ueed In combination. Ae auch an 
oxWIzrng agent, for example, a halogen oxide Such as sodium lodcaceiate. iodic acW, periodic add, or the like, or 
EDTA-Fb, ascorbrc add oxktese^ bilirubin oxWasa, or the like can ba used. The amount of euch an oxidizing agent 
added Is. for example, in the range of 0.001 to 0.1 mg per 1 }i\ of the senile, 
w [OOeq In the method of the preeerit invention, the analyts is not particularly limited, as long as a redox raacllon le 
utilized. Examplee of theanalyte other than the above-mentioned glycated proteins Include glycated peptides, glycated 
amino ackte. glucose, cholesterol, uric acid, craatlnine. sarcoslns. glycerol, and lha like, as mentioned above. 
[00661 Whan the quantity of each of lha above-menlioned examples of tho analyte is measured by fonning hydrogen 
peroxide, iho hytlrogen poraxWe is fiwmed, for example by actk« of: a gftjcose oxidase on the glucose; a cholestoroJ 
« oxWaae on the choiesterol; an uricaee on tho uric acid; b sarcosina oxidase on the creatinrna; a sarcoelne oxidase on 
lha sancoelne; or a gtycenol oxidase on Ihe glycerol; respectively. The quantity of the hydtogen peroxkte can be meas- 
urad In Iho same way ae above. Moreover, glycated peptloes and glycated amino acids can be measurBd. for example, 
tn the same way ae Ini the measurement of the glycated proteins above. 

[0067] Furthermore, aher the treatment ol ihe reducing sutsstancee in a eampla with the tetrazoflum compound, when 
the quamhy of the analyte io determined by fomiing a reducing aubstanca dorivod tram the analyte. meaauring the 
quantity oJ the reducing substance by a redox reaction, and determining Ihe ()umtfty cA the analyte from the quantity 
01 tho reducing substance, the measuremenl can be cairled out, for flKample. as foPowe: 

(D068F] When the analyte is glucose, for example, a reducing eubslonce such as NADH or NADPH is formed using 
gluoosB dehydrogenase in Ihe presence ot NAD. NADP, or the like. Then, the NADH or NADPH ae e reducing subsianc? 
derived from the analyte te meaeuredby a redoK reaction, using, for example, diaphorBse and a substrate that devstops 
color by reduction. Then, ae mentioned above, the quantity of the analyla In the sample c^ be determined, for example, 
using the concentration of ihe reducing subslance clerived from the analyte and a caHbratlon curve gr the like. Furthar- 
more. lor example, cholesterol dehydrogenase can oa used when the analyie la ctioleBteral, and sarcostne dahydro- 
genasB can be used whan Ihe analyte is earcofltna 

(DOBaj Aa the Mibanate that develops color by reduction, anhough not partcularly l^led, for example, a eolor-de- 
vofcDplng letrazoiium compound added to ef Imsiale the Influences of the reducfrig aubstanoea ii the sample may be 
employed. Furthennore, a different type of a cotor-developing tetrasolium compound other than the one used in ihe 
protieaimont of the aampie also may be employed depending on each wavetengih of the mea&uramani. Other than 
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'•^ Example f. CoPTOflmtKra Exampls 1 

[0072J In Example 1 . a sample was pretreatod wiih a !©irazollum compound 30 as lo eliminate ihe infiupnc© of 
roducing aubstonco in ihe samplo. The foltowlno stvym iha roagenis anci methods used in Example l. 

^ SvrfBaam somion 



[0073J PoJyox:/eihylfl/io(1 0)-p-».octy|phonyl ether fhefeinafter refeirad to Triton X-lOO) was mixed with purllled 
water so thai Hs concamralion bscame 0. 1 % by votumG. 

SI? WST-$soluthn 



10074] 2-(4^l<xtophcnyl)-3-(2.4Kl|nltfC*>henvl).5.(2.4-dj6uHophenyl)-2H.^ monofiodium Ball (W5T-3» pro- 

duced by DOJINDO UHBORATDRIES} WDs dissolved id purified water so thai ite ooncomrattert became t mmolfliler 

^ FfVGtosylvaflnesckjUon 

[0076] Ffiictosyl valine Cherefrraftsr relerred lo ae FV) was produced in accordance with the method dtscbeed rn 
Publication of Unexamined Japanese Patem Appllcatton No, Hel 2-69644 (hereinafter the earns). The FV woe added 
10 0.5 molflHer Trle-HCI buffer (pH 9.0) so thai its concentfQtlon became fiO umowiter. 

RBdQxiwtethnsQMkjnA 



[QQTTl Whole blood from a healthy aAiH was eubjecled lo cenlrltugalbn (1630 Q. for 10 minutee) so ae lo collect 
Wood cfiiiB. Then, the blood celts w«ra diluted 20-tokl (by volume) with the Trten X-100 solution, and hemolyzad lo 
prepare a hemdyzed sample, 

[00781 50 Ml o( 0.5 moMltef CHES buffer (pH 9.0) was added to SO \l\ of the sample, and then 1 00 ol Ihe WST-3 
so solution was added thereto and stirred. Thereafter, h was treated at 37 *c for 10 minulea. After this trealmom. 400 ^1 
of the FV solution wae added to the sample, and then 1 .400 ^1 of the redox aolulkm A was added thereto so ae to start 
a reaction. Than, absorbance of the reaction solution was measured at 726 nm. 

[0070] As a control, meaouremeni was carried out In the earrw manner ae in the above except that distilled water 
WB8 used in place of the homolyzBd sample. Ab Comparative Example 1 , the eamo measurement as in Exarrpl© i 
£5 was canrled out e)(cept thai dfetilled water was used in piaca of the W3T-3 solution. 

[00801 Then, the measurBdvalues were substftuted in an aquation (1) belOML and a relative value (%) was deiemilned 
by setting the abeorbanco of the control as 1 00 %. These reeulte ate ehown in Tabta 1 below. 



[0076] 



40 



FAOO (produced by Asahl Chenfilcal InduBiy Co.. Ltd.; harelnalter the same) 
POD (produced by TOYOBO CO., LTD; herefciaflar the same) 
OA-64 (pnDduced by Wako Pure Chemical tndustrfes. LTD.; heretnafter ihe same) 
[Milled water 



28.G KU/iiter 
14.3 KU/Hter 
2B.d limot/ltter 



remaining portion 
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notelivovHiu©e*} = (X, - V>f, -Yp) X 100 

Xt : abaorbBnee after s mtiutBs 

Xq: Bbsorbanco mthe elan of tne reaction 

Vi : Bbfiorbanco after fl minutes In contrgl 

Yq: flbsortianoa ai the start of tho raaeltgn In control 



10 



60 



S5 



30 



Table 1 





RelathfQ value (%} 


Example 1 

CbmparatlvB Eicample 1 
Control 


63 
34 

100 



(0001J Thuabylraatingah^TOryzedwmpleoIbloodcollBwIlhatolrBroll^^ 

subBinnce in ihs scmpia was eliminaterf. cc Ihnl rral'abillty ol ih© meastrcment wa& irriprovod. 

Comoafalivfl EKamplos g and 3 

^"^^'^''^Q 10 the same pfoccdurea as in E^^^mple 1 . blood cells wora collected, and cffluled S-fold (by vglume) 
an ^' ^'^^ ^'^^ homofyred to prepare a hamolyzjKl eampfe. 150 ul of i,o moV(m 

sodium lodoacalate solution (pnoduced by Aidorlcli; hArelnanor tha eame) wae added lo 50 ^1 of the hamolyzed samplg 
and Btlrred, and then treated at 97 -C for 10 mlnulee. Alter ihe ireatmant. 400 pi of the FV soluilDn waa added to the 
eamplfi. and than 1 .400 ^1 of the redox solmlon A was added thereto w ad to slan a reaction. Then, tha absorbance 
ot the reaction sclLitran was measured In the same way as in Example 1. and a relaiive value {%) to a control was 
detemunod. Thia meBsuramenl was determined as CompaiatKra Exampio 2. Moreover, bb the control, the same meaa- 
uremenl as In the abovo wee carried out except ttiai dietitlad waiar was used In place of the hemolyzed aampte. 
lOoao] In Comparative E^cample 3, maaeuremant waa carrfad out acocrdln^ lo the aame pnxedurea as In Example 
1 except that distilled water was used in place o( the sodium hxtoacetate eoMksn. Theee raeulta are ehown In TaWe 2 
below. 



Table 2 





Relative value t%) 


Comparative Ckample 2 
Comparaiiva Example 3 
Comrol 


37 
35 
100 



[0004] As shown In T^le ^ above. It waa conflrmed that the Inffuanca ot the reducing subaiance in the hernoiyzed 
sample cannot be avoided yrtth eodium todoacatate. which hae been oGnvanttonady used ae an oxidlzlnfl aaem. 

Comparative Examplo 4 

[ooeq I n this comparoltve axampla, a hemolyzed eample oi arythrocytea waa subjected to molecular weight frac- 
tionation, and then trealod wflh sodium iodoacetate. 

[OOBq 10 ml 01 blood from a heaBhy aMt to which heparin wee added waa aiibjacted to canirllugatlon (1 530 G, for 
1 0 minutee). and the plasma layerand leuHocifiee layerwara removed with a p^salte. lb the orythrocytes layer obtained, 
phystologlcat saline was added, and mixed elowly so that the erythrocytes are nol hemolyzed. Then. H was subjected 
to cenirfrugation in Ihe same way as In ttie above, and the sypemetani was removed. This series of washing operaiione 
was repeated three llmaa. Then, an equal amount {by volume) oT diatilled water was added lo the orythrocytesobtalned. 
80 aa to hemolyze the erythiobyles comirffliBly Thereafter, it was subjected to contflf ugation (4530 G, tor 10 minutes} 
e^^and membrane componeme ware removed. The sotution thus obtained was detamttned as Sanpla 1 . 
(00871 ^'ex1. Sample 1 waa utofilteied by centrlfugatlon (1630 G. for 4 houra] using CENTR1PH£P 30 (pnsduced 
by Miillporo Cotporailon). A fraction of motocvlar weight of not lass than 30,000 remaned In the CSNTRIPREP 90 waa 
determined as Sample 2. The filtered sotution was detemitned as Sample 3. 
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T^J!^J!IT' ^ IH^T.' "««m«^ by oanWfcgflttan 0690 a, for 2 houn) using CENTRIPRh. iq ipro- 

J^lf^T*"*' arrtZ ^eredltuMSO^d. and Sautes 3to5 

^Sr^J?!2^f "^"^^ '"«8''«"«"»v»afl eanlod 001 }n ma «me manner aaJn the above 

excopi ir»l dloWlBd waiendpB used in pbce of Ifie hamolyied eampte. 

.'^J?"!!"*' J f? ^ lodOBCMate eoiulion was added to SO ^t of the diluted solution ol each 

sampta and Wined, end thoraafter treated at 37 for iO minutes. Then. 400 (il ol thft solution wae added to ihe 
treated sample, and mereaner 1.4(jo m of the redox reaction solution A was added Uienrto so as to start a reaction 
Absomance was meaaursd In the aame way aa Ir. Example 1 above, and a relative value (%) to a control naa deter^ 
mined. Theoe resulte aro etiovwi in 'feblo 3 l»low. 

Table 3 





Relative vaius (%) 


Sampio 1 


0 


Sample 2 


7 


Sampfe 3 


93 


Sample A 


100 


Sample 5 


93 


Sample 1 + scxiliim iodoac9taia 


0 


Sample g ^ sgdfurr fodoac^iaiB 


a 


Sampio 3 ^ GOdlum lodpacetate 


98 


Semple 4 ^ sodium lodoacetate 


100 


Sample 5 + sodium lodoacatate 


9B 


Contfol 


ICQ 



J Ae Bhown in Table 3 above, the anafytes In Sample i (not tracttonated) and Scimpio 2 (iho fraction of molocular 
weight of at teael 30.000) ware nardly maaaured. Also, th8«» samples were hardly meaeufofl wnan ifoated wflh «odlum 
iodoacetate. AccordffiBty. rl wae found that tha influence of a reducrng subslance whh a motoculBr wolflht oC at laaal 
10,000, particularly at laaet ^.000, was hardly avoided wtth eod)um todoacetate. 



Example 2. Comoafatlve Exampfa 5 



4P 



[0092] In Example 2, a bfood aamplo )Nas treated with vartaus types of tetraxolium compounde bo as to elimlr^ate 
the inf |u ence ol amy reducing oubdtanoo h the aample. The following ehowe the names and etrurtures of the teirazoPirm 
compound^ used. 



(1 ) Tetraiolium compounds havhg cyelte nibemuted groups wfth benzene rings at three positionE ol their tetrazola 



{1-1)WST-1 



so 



ss 
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S03- S03" 



WST-l 



<7) 



2-(4-fodaphenyl)-3-(4.nitrophor.y|).5-(2.4-di5ulfophonyO-2H-l8lra^^^^ nionosodium salt 



2S 



90 



3B 



cr:o. 



SOs" SOj 



(8) 



WST-3 



2^4Hodophanyl)->(2,4<Jin«roph8nyO*(a4^liBiillQphBnyl^^ monoEodlum sail 

(1-3)WST-e 



N='=N 




NO, 




so<- $0,- 

WST-8 



m 



2-(2'meiha9(y^4H\itic:phBnyq-a-{4-itKi«phenyQ-5-(2.4^ imnoeodiuffl salt 

(1-4) INT 
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INT 




cr (10) 



2(4.io<Jopi«afiyl).3-(4-nitfophenyl)-S-phenyl-2H-letra^oliumohlofida 
(l-S)Neo-TR 



n 




0^ 





J2cr (11) 



Neo-TB 



. 3,3'-(1. 1 -bIphenyl-4,4^dlyl)-bl8(a6-dlphBnyl).2H^tetfa20lfum chtorido 
(1'6)NTB 




CM3O 

0 ' 





II! 



NTB 




2cr (12) 



(1-7)8339 
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CI 




J 



B329 





Jcr 



(13) 



so 



2.3-diph8f>yl-5-(4<hlornph©nyl)l6tra2or>unichlorido 
(1-8) D0B83 



90 



40 



30 




Jcr 



D0BS3 

• 2,5-dipiienyl-3-{p-cfiphgff7l}tGtfB2ol|umohhmde 
(1-9)D08B4 





Jar 



D08B4 

e,3<liplMnyl*9-(p^lplimiyQI«tq«enwn chtorlde 
(MOItXMiS 



(14) 



(16) 



n 
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tQ 



1$ 



1=0 





00915 

S.S-di()hGnyl-3-(4-styrylphanyl)l9lrazcliumchbrido 



Jcr (16) 



as 



L 



cr 



T524 



(17) 



45 



. 2,5-<f;phonyl-3-(m-<oiyi)rGrrazollumeftfcSfWg 
(M2)T326 




cr (18) 



T326 



a&<»phBny)-3-(p4ofy1)ldtrBzoliiim chlortdo 



(2) TfltiBzollum compoundB having cyclic autelitutod groups with bonzsne rtigB at two poeitim of xrt^vr letrazote 
rings and a cyclic eutisihutea group oinar than having a benzsno rtng at ooa posRton thoroef. 
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(2-1) 



to 



20 



nx 



-J 




'X) 



Jcr (19) 



80325 

2.3-dlpnertyI-5-(2-tliftinyt)!«UHitoliurni:hIoriog 
(2-2)WST-4 



2S 



30 




Br 



(20) 



WST-4 



40 



BO 



ss 



z-benztniazoyi-9-(4<arM(y-z-fTiethaxyphiOTyl)-5-[4-(24ut^^ 




(21) 



WST-5 



2.Z'-^oerizmiuo)yl^S'4^4-(fl(2^uliNthyi)(»r^^ 
dlMtFBZoliun^ dtBodium Bah 
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Br 



MTT 



2S 



95 



J-(4,5-dlnf)9lhyi-2-ihla2oy|)-2,5-tfiphenyl-2H-tQtfazolium chloride 

(3) Tetrazolium compounds having cyclic sub&tttutet< groups witfi banzene rings at iwo positions of Ihoir loJrasolo 
finge and a non-cycJic subsiliuied group at ono poaition tharaof, 

(a-1)B0Z93 



Jcr 



B0Z93 



(23) 



2.3-diphanyl-5-cyanot6(razollijn)chlortd9 
(3-2) B295 



X) 



COQH 



cr <24) 



B295 
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(3-3)8313 



Hi 
CHj 




1 



cr 



B313 



(25) 



2C 



2.3-diphony)'5.m9mytieirazolium chtorido 
(3-4) fi319 



3S 



as 



40 



49 



cr 



(26) 



B319 

2.»<iipriefiyl-5'eihyR0tfa2olium chloride 

[OOM) MoroQvor. WST-I , WST-9» WST-8, WST-4, W5T-5, IMT, WTT, NTB. and MaoTB ere products of DOJINDO 
LAWRATORIES, and oihors are producls oJ TOKYO KA8EI KOGYO CO., LTD. 



[00941 l^waaflcJqledtoOJ45moW|lef KPB(pH7.0)8othatit8Concentrat'K^ lOnmrt/IHer. 
R0^x rsacthn solution 9 



FAOO 


73 KU/litsr 


POD 


219KLMilfir 


OA-64 


t48)ifnol/Htor 


Disimetf water 


romalnlng portion 



(oaoq To 25 fil oflO moWHer CAPSO buffer (pH lO.O). 41 .3 jil of tha 10 volume % TVItoft X-lOO dolution and 1 .SB 
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|il of whol9 blood from a hsai!i>y aciuit were ackJftdl and It was quantified lo 260 jil wBh ^miM watar. Tfwi. It wm 
further dllutwJ WoW (by vorums) wtlh purified water eo aa to prepare a hamcaiyzad earnpls. 
{0097J 1 BD >il d each teiiazoiium compound aolulton was added to 250 ^1 oi the hemotyzod aarnpto and atlrrod. and 
then tneated at 37 -c foi BO minulas. Than, S5 mI of the FV Golutioi> ves added to 25 of ih'a Munpla. and maroaRar 
IS ^1 of the redox reaction oolution B wae added thereto so as to atait a reaciton. Then. absoilMnca was meooured in 
the same way as in Exampla i . and a relattve value (%) to a contnal was dateinilned. Moraovar, the concantreilon of 
tho tetra^oHum compourxJ SOluttan was 0.5 mmol/ntar jtor WST-5 and 5 nvnolflltBr for other solutions. 
[OOaaj As the control, meosuramant was oarrisd out k> the sane way as In ma above axoepi that dtetllled water was 
used In place ol the hemolyzad sampla. As Comparative Emnple 5. measuremeni was carried out occandlng to the 
« same proceduriB as In Example 2 except tr»at distilled water was used In place of the tetrazollum compound solution. 
These results are shown In Tiibie 4 below. 



Tfibl8 4 



'30 



95 



T^tiazollum compound 


RalaliVB value (%) 


M 


90 


7-2 


94 


1 3 


G9 


1-4 ■ 


90 


1-5 


88 


1-6 


94 


1^7 


94 


1-8 


91 


1-9 


93 


MO 


91 


Ml 


91 


M2 


74 


2-1 


B1 


2-2 


42 


2-2 


44 


2-4 


47 


^^ 


76 


3-2 


74 


3-3 


74 


3-4 


68 


Comparative Example 5 


35 


Control 


100 



[0099] As shown in Table 4 above, rellabtlily of the measured values was Improved by treating the hsmolyzod sempfo 
with each tetrazolium oompound. pantcutarfy when the tetrazolium compounds ( l -i ) to (M 2) having cyclic substituted 
groups wHh benzene rings at three posltbne ot their tetrazole rings were ueed. 

*5 -Exarpple 3 

[01 00] In Example 3, WST-3, WstO . WST-B, and INT wrere used as the tetrazollum compound so as to vary the pH 
during the treatment. The fbtbwing shovus bulTsrs used in (his example. 

so BuSsrSoHsUcm 

(01 01] 

1 .0 mdmr CHE8 buffer (pH 9.0} 
ss KO mot/lfter CAP&O buffer <pH 10.0) 
1 .0 moMtter CAPS bulfaf (pH 11 .0) 

DOlozj accept that each of the above dilferem buitBre were used, treatment was perlormed using each of the above- 
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rnontnrwdtQtmzallumcompounc^ m Example 2. anrf^bwrtance was moaouiM 

Mowmrsr retetlVB vatuM Mrs doiermliiBd by Mttlnd the atootenee of WBM at pH 10,0 aa lOo %. mtos 
•nowfid that the raiattve vakiat were 100 % when each of the above-moniloned buffen (pH 9, 10. ll) vm uaed for 
each tetrazollum compound, and no tnfiuenee by mo pH was obMived. 

Eltampla A. ComoarHthfo Exampte B 

[Oioej Irt EKampla 4. treatmont waa cairiod out using WST-a while sonlnfl the flnal diluting lador of a whote bbod 
damply In the reaction solution to about I00-ro|d. 

[01 04] Except that 33 Ml of whote bbcsd oblaloed fiom a healthy adult and 50 jil of 1 .0 mol/lfter C APSO birff er (pH 
10) were ueed. herrolyete was carried out ir\ the seme manner In Example 2. The sample was quantified to 250 uj 
by adding 125.7 \t] of dtetiHed water. Tn&n. U iva© diluted 3-fold (by volume) wKh purified water ao ae to prepare a 
hemolyzsd sample, 

[01 06] 15 ^1 of 5 mmoVllier WST.3 sohjilon wes added to 25 ^1 Of the hamolyzecf sample and fidrred. and than treated 
at 37 "^C for 5 minutes. Then. 5S pi of 6 MmoHiler FV sotution was added to the sample. Theroattor, 15 pi of the redox 

reaction solution B was addod thereto so as ic elan a reaction. Then, absorbance was mooourod in the eame way as 
in Example i. and a fetal we value (%) to a canUol was cie^ermlnod. As ihe control, msaGurement was barrled oui in 
Ihe samp» manm gs thn ^jtcepi thf^t dlsliv^ vjaiftr ivae uS«d dImco of the homo*yzcd Da.-nplo. /Aa Cir rj^fSiNu 
Exeinple 6, moasuromont waa peftormod in ihe same way es the above oxcepi that dialillGd water was wood in place 
Qf the WST-3 solution. These fesul1& ars shown In Tfible 5 below. 



to 



IS 



20 



Table 5 







Relative value (%) 


^5 


Example 4 


BO 




Comparative Example fi 


0 




Control 


100 



[0106J In Example 4, even when the concemratton of Ihe reducing substance in the reaciton solution was Increaoeo 
w by lowering the final diluting factor ol the whole Wood sample, the Influence of the reducing eubotanca was ellrnlnaled 
as indicated in Table 5, and the measured values oblairted had excallenl f eliablltty. On the other hand, in Comparative 
Example 6 In which the sample waa not treated with WST-a, a slight cotor was developed immadiately after the start, 
of the reaction, bui shortly thereattsr the color was dsQradad, and il was completely faded after 5 minutes. Therefore, 
abeorbance could not be meaeured, ao that Ihe relative value waa 0 % as shown in Table S above. 

3B 

Claims 

I . A msttiod of measuring an analyta In a aample using a redox reaction, compriaing: 



40 



90 



adding a lelrazotium compownd to a sample prior to the redox reaction so as to ellminale the influence of any 
reduchg sut»tance contained In Ihe sample; then 

fomilng a reducInQ substance or an oxIdUIng substance dewed from the analyle; 

meaeur^g ihe quantity of the lomrwd substance derived from the analyte by the redox reaction: and 

detenrdnlng tho quantity of the analyie from the quantity of the fomied aubetence derived from ihe analyie. 

2. The method according to claim 1 , wherein ihs tetrazotlum compound has cyclic aubetttuled groupe In at least two 

positions of Its letrazote ring. 

3. The method according to cKaim 2, wherein at least two of Ihs cyclic substituted groups have benzene rings. 

4. The method aecord^g lo claim 1 , wherein the telrazolium compound has cyclic eubatltuted groups in at least three 
poenione ol Its teirazole ring, and a1 least two ol the cycllo substituted groups have benzene rings. 

5. The method according to any ol dalma 2 to 4, wherein at laaai one of the cyefie aubstitutod ^aupe has an electran 
attractive fundlonar group. 



19 



PA(X2S/39'RCVDAT3Q1I2007 3:19:02 PM (Eastern DaylightM^ 



03/21/2087 12:54 612-455-3801 



HSML, P.C. 



PAGE 



10 



ePtO02e74A3 

Thfl methotf aooofding to claim 5, wfidcBln the etedran attractlvo functional group id at Isast one runctlonal group 
s^etf fiwn the group conslsteng of halogen flloma and ether, eeter, BaMxy t acyl. nltroeo^ nitres hydrocyl. and 



T. The method aoeording lodaim 1. i^tfweln the teferazoUum compound haa benzene rings at poelilone 2 vid 3 of ita 
. tatiuolQ ring, and at leaat one d the benzene rfnga haa ai least one lunctionQf group aalaoted from the group 
eonelathg of halogen etoma and cartooKyl. nitro, hydroxyl, sutfo, mathoxy, and ethoiy groups. 

6. Tho method according to claim f . wherein the letrazollum compound Is at laast one compound selected from the 
group conslsimg of 2^4-lodophenyl)-3'(4-nnrophenyl)-5-(2>dl3ultopharTyI)«2H-:e!f8zollumsan. 2-(4^kxJoph9nyl)- 
3-(2.4-dlniirophenyi)-5.(2,4^teultoph©nyl)-2H-totrai:ollum aaft, 2'{2-molhoxy'^.nItrophonyi)'>3.(4-nnrophanyi)^5. 
(2.4^l6Ul1opn9nyl).2H-tOlfa2olIum eaM, 2-(4.fcxlophenyl)^3.(4.n!iroph9nyl).5.pheny|-2H'toln3zo(lLim catt, 3.3'. 
(1 .V-Wphenyl-4.4'Hdiyl)-bfci(2.Wiphenylh2H-iaira20lium salt, $.3'43,3--dlmethoxy-(l.V-blphonyl)-4,4'-dlyl]-^8l2- 
{4-nttrop8nylhS-pheny|.emB!rwo)lum 9alt]» 2.3-dlphgny|.s.(6<:hlofophBnyl)t9tmJ!Ollum salt, 2.s-dlphonyl'3-(p- 
diphenyOtmrazolliim aan. 2.3.d}ph9nyh5'(p-dlph0nyl)tetrazollum Ball, Z.5'dIphGnyl-3.(<i-8iyrviph©nyl)i6tre2QKum 
sah. 2.6-dipheny|-3-(m-1o}vl)tG|fa20l}um aaft, and 2,5-:llpheny|.3-{p-tolyl)lBtfa2ollum sail. 

9. The mKlhnd wcord'nq to cteim wnfr*j»r< ••um cc^po;/,:! l . ^M^nyl) 3-(2 •'>■::::. it f:;^^c-.vl) z- 
{2,4-dioul1ophenyl)-2H-teifazolium salt. ' ' 

1 0. The method according to any of ctalme 1 lo 4, Miar ein Ihe telrazoDimi compound is added so thai its concentration 
fells in a ranga of O.OOf to f 00 ^mol per 1 |il of iha oempfs. 

11. Tha method according to any ot claims 1 lo 4. wherein tha aample 1$ whole blood, and the lelrazoRum compound 
Is added ao tr>al tts concantration falls in a range of 0.001 to lO ^mol per i ^l o1 iha wncrte blocxJ. 

12. The method according to claim 9. wheroin the eatriplB is v^-hole hteod, and 2-(4-iodophanyl)'3-(2,4-dinltrophenyi)- 
S-{2,4-d9ulfophBnyl)-2H'tetra20llum salt is added so thai ita concenumion fella In a range ol 0.001 lo 0.4 jimor per 
1 of the whole blood. 

13. The method according to ony ol cfalme i k>4, wherein the oxidizing cubstanco derived from the analyte is hyditjgen 
peroxide, and the quanli^ of Ihe hydrogan peroxide is measured by the redox reaction, 

14. The method according lo claim 13, wherein the quantity of ihe hydrogen peroxide is rneaet^red using a parestldaee 
95 and a substrate that develops color by oxidation. 

16. The maihod acoortJlng to claim 14, wherein tha substrata is N-(cBrboxymethylaminocarbonyl)-4,4'-b|s(dknethyl- 
Bm^o)diphenytamin0 aodlum. 

40 1 6. The method acondlng to any of clavne 1 to 4, wrtierein the analyte is a component In erythnscytes. 

17. The method aeeording to claim 13» w4rarain the analyta Js a gfycaied protein in vrythrocytes, and the hydrogen 
peroxide is formod by decompoeing a sugar portion of the glycated protuin by cuddation with fructcsyl amino acid 
oxldaee. 

45 

la. Tha inethod according to any cfclaimel to 4, wherein a molecular weight ot the redudngsu^^ 
tfl Bi laaet 10.000. 



so 



ia The method aceoidbig to any 0l clawns 1 to 4. wherein the reducing substance in the sample b a protesi. 
2a The method according to any of clakns 1 to 4. Wherein the raducing aubetance In the eampte b hatnoglobin. 
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